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Abstract

An important distinction in research on the neural mechanisms of emotion regulation involves the
relatively limited duration of emotional states vs. emotional traits which are defined as the stable
tendency to experience particular emotions in daily life. Neuroimaging investigations of the
regulation of anger states point to involvement of reciprocal changes in prefrontal cortex and
amygdala activity, but the neural substrate of trait anger has received less attention. We used
resting-state functional magnetic resonance imaging (rsfMRI) to determine whether variation in
the strength of functional connectivity between amygdala and orbitofrontal cortex is associated
with trait anger. Sixteen healthy male subjects completed the Speilberger State-Trait Anger
Expression Inventory. Correlational analysis for resting-state functional connectivity (RSFC) was
conducted with left and right amygdala as separate seed regions. Anger measures were correlated
to RSFC involving right and left amygdala on a voxel-by-voxel basis across all subjects. We
found that Trait Anger was inversely associated with the strength of RSFC between amygdala and
contralateral middle orbitofrontal cortex. The association was stronger for the right amygdala-left
orbitofrontal connection. Anger Control, the tendency to try to control expressions of anger,
showed the opposite pattern of being positively correlated with amygdala-orbitofrontal
connectivity. The present study provides evidence that RSFC in a cortico-limbic circuit might
subserve stable differences in anger regulation. Our findings also suggest that RSFC may prove
valuable as a trait marker for disorders characterized by emotional dysregulation such as
depression, anxiety and personality disorders.
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Introduction

Methods

Participants

Emotional traits are stable and reliable individual differences in the experience of emotions
and are central features of personality. Negative emotional traits (anger, anxiety, depression)
are believed to be a core mechanism underlying disorders of mood, anxiety and aggression
[1], and are independent risk factors for a variety of stress-related chronic illnesses and
premature mortality [2]. Trait anger has been defined as the general tendency to experience
anger or to respond with anger when one feels unfairly criticized or treated.

Studies of emotion regulation using neuroimaging methods have primarily focused on state-
dependent activation in response to presentation of emotional stimuli. For example, the
presentation of threatening facial expressions (fear or anger) reliably elicits activation of the
amygdala. [3] Paradigms that involve cognitive or linguistic processing of emotional stimuli,
or attempts to modulate emotional response, have implicated a cortico-limbic interplay
involving reciprocal connections between the amygdala and areas of prefrontal cortex in
emotion regulation. [4] Thus, suppression of negative emotions elicits activation of
orbitofrontal, medial, dorsolateral, and ventrolateral regions of prefrontal cortex, as well as
dorsal anterior cingulate cortex, coupled with suppression of activity in the amygdala and
insula. This functional coupling is disrupted in psychiatric disorders characterized by
emotional dysregulation. [5]

Relatively less is known about the neural correlates of stable individual differences in
emotion regulation. Recent evidence suggests that intersubject variability in amygdala
response to threatening facial expressions is stable over time [6], and that trait differences in
personality are associated with this trait-like variability in fMRI responses to threat-related
stimuli. [7] Resting-state functional connectivity (RSFC), with its ability to quantify stable
functional connections between brain regions within specific neural circuitries, may help to
elucidate the role of the neuronal circuitry in emotional traits. In the present study we have
utilized rsfMRI to investigate the relationship between functional connectivity within a key
neural circuit underpinning emotion and variation in a negative emotional trait. Specifically,
we hypothesized that trait anger would be associated with individual variation in RSFC
strength in the amygdala-orbitofrontal circuit.

Sixteen healthy right-handed males (mean 34 years, S.D. 14.42) provided informed consent.
Exclusion criteria included taking psychotropic medications or drugs of abuse, and traumatic
brain injury. The study was approved by the Institutional Review Board of the University of
Massachusetts Medical School.

Psychometric measures

Subjects completed the Trait Anger and Anger Control subscales of the State-Trait Anger
Expression Inventory-2 (STAXI-2, [8]) prior to being scanned. Trait Anger measures the
general tendency to experience anger, and Anger Control measures how often an individual
attempts to control angry feelings by calming down or control the outward expression of
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anger. Participants endorse statements on a 4-point scale from 1 (not at all/almost never) to 4
(very much so/almost always). The instrument has good psychometric properties and in the
current sample of healthy men STAXI-2 scores fell within the normative range (not shown),
which is based on a sample of over 600 healthy men [8].

MRI acquisition

RSFC was assessed by instructing subjects to remain relaxed with eyes closed as fMRI
images were continuously collected for 5 min in a 3T scanner (Philips Achieva). 3D high-
resolution structural T1-weighted images were first obtained to provide anatomical details
with parameters: field of view (FOV) = 256x256x192 mm3, 256x256x192 matrix size,
inversion time (T1) = 400 ms, repetition time (TR) = 2460 ms, echo time (TE) = 3.4 ms,
spatial resolution = 1x1x1 mm3), followed by 100 volumes of T,"-weighted images
acquired at the resting state using the echo-planner imaging sequence with the following
parameters: FOV = 256x256 mm?, 128x128 in-plane matrix size, slice number = 29, slice
thickness = 3 mm, TR = 3000 ms, TE = 35 ms, in-plane spatial resolution = 2x2 mm?2.

Data Acquisition and Analysis

Imaging data was preprocessed using Statistical Parametric Mapping (SPM8) software
(Wellcome Department of Cognitive Neurology, London, UK) running under the MATLAB
environment (Mathworks, Inc., Sherborn, MA). The data were initially corrected for motion
(threshold of 2 mm), slice scan time correction, spatial smoothing using a 3D Gaussian filter
(4-mm FWHM), and voxel-wise linear detrending and 0.01-0.08Hz band-pass filtering.
Structural and functional data of each participant were then transformed to a standard
stereotaxic space (MNI space) [9] to facilitate group analysis.

Functional connectivity maps were generated using correlational analysis on a voxel-by
voxel basis. Left and right amygdala were selected as separate seed regions. All ROI
definitions were based on Automated Anatomical Labeling (AAL) [10] built in the
MarsBaR toolbox of SPM8. RSFC maps for each seed of individual subjects were calculated
using Resting-State fMRI Data Analysis Toolkit (REST, http://restfmri.net/forum/?q=rest).
Briefly, a regionally averaged time course from all voxels inside each seed region was used
as a reference time course. Pearson cross-correlation coefficients between reference time
courses and the time course of each individual voxel were calculated. This correlational
analysis was carried out for each subject. Since correlation coefficients are not normally
distributed, it is not appropriate to average them. Therefore, in order to obtain group-
averaged RSFC maps, correlation coefficients were transformed using Fisher’s z
transformation to make the r values normally distributed, and the resultant z values were
then averaged across subjects. Subsequently, the averaged z values were transformed back
to r values, yielding a mean correlation map for each seed. Significant functional
connectivity was thresholded at mean r value > 0.35 (equivalent to p < 0.001, uncorrected).
[11]

To examine relationships between anger traits and amygdala-prefrontal RSFC, we quantified
the strength of RSFC (using r values) within the amygdala-prefrontal circuit for individual
subjects and correlated it to the subscale of anger trait on a voxel-by-voxel basis.
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Specifically, for each voxel, a correlation between the connectional strength to left/right
amygdala and trait anger was calculated. All voxels with a correlation coefficient R > 0.6
and cluster size > 30 voxels (equivalent to p = 0.001, uncorrected [11]) were considered to
comprise the circuitry associated with anger trait regulation.

Behavior measures were not correlated with age or years of education. Trait measures for
anger showed adequate variance for examining individual differences (Trait Anger Mean
17.8 (S.D. 6.67), Range 11-30; Anger Control-Out Mean 25.4 (S.D. 6.30) Range 14-32, and
agreed with published norms.

The RSFC maps of unilateral amygdala are shown in Figure 1. Strong connections were
seen between amygdala and cortical regions including orbital-frontal cortex, cingulate
cortex, temporal cortex, precuneus/cuneus, parahippocampal gyrus and paracentral lobule,
and subcortical regions including thalamus, caudate and putamen.

As predicted, trait anger measures showed strong inverse association with RSFC between
amygdala and orbital-frontal cortex. This inverse correlation was strongest for right
amygdala and contralateral middle orbital-frontal cortex (Fig. 2a). A weaker inverse
correlation was also observed for left amygdala and contralateral orbital-frontal cortex when
the threshold of clustering size was lowered to 5 voxels. The covariation between functional
connectivity strength between right amygdala-left orbital-frontal cortex is depicted
graphically in Figure 2b. In contrast to Trait Anger, Anger Control subscales (Anger
Control-In and Anger Control-Out) showed the opposite relationship: a strong positive
correlation to the strength of RSFC between right amygdala and contralateral middle orbital-
frontal cortex (Figure 2b).

Discussion

In the present study we have provided evidence that RSFC of the amygdala- orbital-frontal
cortex circuit is strongly correlated with trait measures of anger. The central roles of the
amygdala and prefrontal cortex in processing emotional responses have been well
established in humans and animals.[12] Our finding regarding the association of the
amygdala-orbitofrontal circuit with anger regulation complements task-based neuroimaging
studies of emotion regulation in humans. [13-14] These studies have shown that the
magnitude of fMRI signal decrease in amygdala predicts increased signal in ventromedial
prefrontal cortex when subjects are instructed to regulate their emotional response to
negative stimuli [14], and that the strength of functional coupling between areas of
prefrontal cortex and the amygdala predicts the ability to suppress negative emotion in a
cognitive reappraisal task [15]. The results of our resting state analysis presented here
provide additional information about a stable pattern of emotional regulation and its
relationship with the strength of resting state functional connectivity in the amygdala-
prefrontal circuit.

The intrinsic activity within various brain networks, as demonstrated by resting state
analysis, has been shown to predict task-induced activation patterns. [16] In addition, the
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RSFC of brain networks has been shown in several studies to have remarkable consistency,
and recent research has demonstrated moderate to high test-test reliability over periods of
months to a year as well. [17] We have shown here that a trait measure of anger, reflecting a
stable pattern of emotional reactivity, is associated with RSFC in the amygdala-orbitofrontal
network. Therefore, we speculate that the intrinsic activity in this network will be predictive
of interindividual variation in state-dependent expression and regulation of anger.

Interestingly, the strongest association between anger measures and amygdala- orbital-
frontal cortex connectivity in our study is for right amygdala with the contralateral middle
orbitofrontal region of prefrontal cortex. This finding is consistent with anatomical studies in
nonhuman primates [18] as well as functional connectivity studies in humans [19]
demonstrating robust contralateral connectivity. Another interesting observation is the
remarkable asymmetry between functional connectivity networks involving left and right
amygdala, suggesting that right amygdala may play a more prominent role in anger
regulation, consistent with previous evidence for right/left differences in the amygdala’s role
in fear conditioning and depression. [20] This spatial pattern of amygdala functional
connectivity observed in this study is consistent with structural and functional studies of the
amygdala. [21]

The findings presented here may have relevance for the pathophysiology of clinical
disorders characterized by problems with anger and aggression. For example, functional
coupling between orbitofrontal cortex and amygdala is disrupted in depressed patients with
anger attacks [22] and patients with Personality Disorder [23]. In schizophrenia, amygdala-
orbital-frontal cortex RSFC is disrupted and is inversely correlated with aggression ratings.
[24] According to the cognitive control model of trait anger proposed by Wilkowski and
Robinson [25], individuals low in trait anger exhibit greater tendency to utilize cognitive
processes when confronted with hostile situational input, resulting in lesser tendencies
toward reactive anger and aggression. The association described in the present study of low
trait anger with greater functional connectivity between cortex and amygdala may suggest a
neural substrate for this model that links cognitive processing with modulation of limbic
reactivity. Taken together, our findings in healthy subjects and research on clinical disorders
characterized by anger and aggression converge to suggest that the functional integrity of
amygdala- orbital-frontal cortex connectivity may represent a continuum from relatively
weaker connectivity associated with individual differences in trait anger to more severe
disruptions associated with clinical problems with aggression.

A limitation of this study is the modest sample size and the inclusion of only male subjects.
Future studies will be needed to demonstrate that the findings reported here generalize to
women and can be replicated in a larger sample, and to address the possibility that latent
variables mediate the correlation between trait anger and functional connectivity.

In conclusion, our findings support the hypothesis that anger traits correlate with individual
differences in connectivity strength between amygdala and orbitofrontal cortex. Additional
studies are warranted to further investigate the relationship between cortico-limbic resting
state connectivity and state-dependent activation during anger-related tasks, and the
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plications of these findings to disorders characterized by emotional dysregulation such as
pression, anxiety and personality disorders.
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Figure 1. Resting-state functional connectivity maps from unilateral amygdala

Abbreviations: OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; ACC, anterior
cingulate cortex; MCC, middle cingulate cortex.
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Figure 2. Co-variation of Functional Connectivity with Trait Anger
(a) Trait Anger showed strong inverse association with the strength of RSFC between right

amygdala and contralateral middle orbital-frontal cortex. All voxels with a correlation
coefficient R > 0.6 and cluster size > 30 voxels (equivalent to p = 0.001, uncorrected) [11]
were considered to be significantly associated with the circuitry responsible for anger trait
regulation. (b) Trait Anger showed strong inverse association with the functional
connectivity strength between right amygdala and left middle orbital-frontal cortex (closed
circles), and Anger Control-Out (AC_Out, open circles) showed strong positive correlation
(in red) to the strength of RSFC between right amygdala and contralateral middle orbital-
frontal cortex. The correlation coefficients depicted in (b) were calculated from the cluster in
the orbital-frontal cortex shown in (a).
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